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(57) ABSTRACT

A small six-dimensional force and torque sensor, includes a
cylindrical housing, a base disposed on the inner wall of the
cylindrical housing, eight first elastic beams of the same size
and structure for connecting the base, a central boss disposed
at the center of the cylindrical housing, four second elastic
beams of the same size and structure for connecting the
central boss with the first elastic beams. The four second
clastic beams are arranged in a cross shape. The eight first
clastic beams and the four second elastic beams are respec-
tively attached with a plurality of strain gauges, thus forming,
tull bridge circuits. The sensor 1s simple 1n structure, small
in size, can realize seli-decoupling of the structure in six
directions, and 1s suitable to be used in combination with
current industrial systems.

8 Claims, 3 Drawing Sheets
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SMALL SIX-DIMENSIONAL FORCE AND
TORQUE SENSOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application i1s the national phase entry of Interna-
tional Application No. PCT/CN2017/080437, filed on Apr.
13, 2017, which 1s based upon and claims priority to Chinese
Patent Application No. 201610428883.5, filed on Jun. 14,
2016, the entire contents of which are incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to the field of automation
technology, and particularly to a small six-dimensional force
and torque sensor.

BACKGROUND

A multi-dimensional force and torque sensor refers to a
force sensor capable of measuring the force components or
torque components in two or more directions simultane-
ously. In a Cartesian coordinate system, force and torque can
be respectively decomposed into three components. There-
fore, the most complete form of the multi-dimensional force
1s a six-dimensional force and torque sensor, 1.€. a sensor
capable of measuring three force components and three
torque components simultaneously. Multi-dimensional force
and torque sensors are widely used 1n the fields of robotics,
industrial automation, military, etc.

A metal foil patch type six-dimensional force and torque
sensor 1s widely used because of the characteristics like, 1t
belongs to a matured technology, has excellent stability as
compared to piezoelectric and semiconductor sensors, and
has low requirements on the working environment, etc.
However, the metal {01l patch type six-dimensional sensor 1n
the prior art has many defects:

Although the existing multi-dimensional force and torque
sensor has a small sized elastomer and reduced volume, the
number of strain gauges attached thereon are less. The force
or torque 1n a certain direction or several directions needs to
be calculated through the output of other directions and the
s1ze of the structure, which increases the system error.

The elastomer of the existing six-dimensional force and
torque RSS sensor 1s formed by connecting all elastic beams
together through ball hinges, which can meet the design
requirements of self-decoupling, high precision, etc. How-
ever, the eclastomer itsellf has high requirements for the
assembly process, and the assembly accuracy thereof also
aflects the accuracy and decoupling of the eclastomer. In
addition, the natural frequency of such sensors 1s not very
high.

Most of the existing non-coupled six-dimensional force
and torque sensors achieve decoupling by assembly, which
has high requirements for the assembly process.

SUMMARY

In view of the above, the present ivention provides a
small six-dimensional force and torque sensor, which
enables seli-decoupling of the structure in six directions, and
has the characteristics of high strength, high rigidity, high
natural frequency, ability to perform dynamic testing, high
precision, and small structural size.
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The present invention solves the above problems by the
following technical means:

The small six-dimensional force and torque sensor of the
present invention 1s characterized in that the small six-
dimensional force and torque sensor includes a cylindrical
housing, a base disposed on the inner wall of the cylindrical
housing, eight first elastic beams of the same size and
structure for connecting the base, a central boss disposed at
the center of the cylindrical housing, four second elastic
beams of the same size and structure for connecting the
central boss and the first elastic beams, the four second
clastic beams are arranged 1n a cross shape, the eight first
clastic beams and the four second elastic beams are respec-
tively attached with a plurality of strain gauges, thus forming,

tull bridge circuats.

Preferably, the central boss is circular, and the middle of
the circular central boss 1s provided with M2.5 first threaded
hole and ®1.5 pin hole for connecting and fixation.

Preferably, four first threaded holes and two pin holes are
provided, and the four first threaded holes are distributed in
a rectangular shape on the central boss, the two pin holes are
respectively disposed on two sides of the four first threaded
holes distributed 1n a rectangular shape.

Preferably, a top of the second elastic beam 1s higher than
a top of the first elastic beam, and a bottom of the second
clastic beam 1s lower than a bottom of the first elastic beam.

Preferably, each of the second elastic beams is vertically
disposed on two first elastic beams connected thereto.

Preferably, an upper surface and a lower surface of the
first elastic beam are the first patch areas for attaching the
strain gauges.

Preferably, a center of the second elastic beam 1s provided
with an interconnected groove along a height direction of the
second elastic beam, and the interconnected groove 1s con-
figured to increase the strain of a second patch area.

Preferably, one end of the second elastic beam connected
with the first elastic beam 1s a second coordination area, and
the outer flank of the second elastic beam where the inter-
connected groove 1s located 1s the second patch area for
attaching the strain gauges, the second coordination area 1s
used to increase the strain of the first patch area and the
strength of the second elastic beam.

In the small six-dimensional force and torque sensor of
the present invention, when the central boss 1s subjected to
forces and torques, the base and the central boss are rigid and
do not deform, the eight first elastic beams and four second
clastic beams may all generate tension-compression defor-
mation or bending deformation, thereby causing a change in
the voltage signal outputted by each full bridge circuit. By
analyzing and processing these signals, the force or torque
in each direction 1s conveniently obtained. Therefore, the
present mvention 1s simple in structure, small 1n size, can
realize seli-decoupling of the structure 1n six directions, and
1s suitable to be used 1n combination with current industrial
systems. Moreover, the cylindrical housing, the base, the
central boss, the first elastic beam and the second elastic
beam are 1ntegral components and no assembly 1s required,
having the advantages of high strength, high rigidity, high
natural frequency, desirable linearity, 1deal repeatability and
perfect hysteresis. In addition, the measurement range of the
sensor can be arbitrarily changed by changing the dimen-
sions of the first elastic beam and the second elastic beam.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a structural schematic diagram of a small
six-dimensional force and torque sensor of the present
invention before being attached with a strain gauge.
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FIG. 2 1s a structural schematic diagram of a small
six-dimensional force and torque sensor of the present

invention after being attached with a strain gauge.

FIG. 3 1s a schematic diagram of a distribution of strain
gauges ol a small six-dimensional force and torque sensor of
the present invention.

As shown 1n FIG. 1, cylindrical housing-1, base-2, central
boss-3, first threaded hole-31, pin hole-32, first elastic
beam-4, four second elastic beam-5, groove 51, second
threaded hole-6, strain gauge-7.

As shown 1n FIG. 2, first elastic beam-401, first elastic
beam-402, first elastic beam-403, first elastic beam-404, first
elastic beam-405, first elastic beam-406, first elastic beam-
407, first elastic beam-408.

As shown 1n FIG. 2, second elastic beam-501, second

elastic beam-502, second elastic beam-503, second elastic
beam-504.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1l

In the description of the present invention, 1t should be
understood that the terms such as “center”, “upper”,
“lower”, “front”, “back”, “left”, “rnight”, “vertical”, “hori-
zontal”, “top”, “bottom”, “inside/internal”, “outside/exter-
nal”, etc. indicating the locations or positional relationship
are based on the locations or positional relationship shown
in the drawings, which are merely used to facilitate and
simplily the description of the present invention, rather than
indicate or imply that the equipment or component referred
to must have a specific orientation, or must be constructed
and operated 1n a specific orientation, therefore these terms
cannot be interpreted as limiting the presented invention.

The terms “first”, “second” are merely used for the
purpose of 1llustration and cannot be 1nterpreted as indicat-
ing or implying relative importance, or as mmplicitly indi-
cating the number of technical features indicated. Therefore,
teatures limited by the terms “first”, “second” can explicitly
or implicitly include one or more of the features. In the
description of the present invention, the meaning of “a
plurality” 1s two or more unless otherwise specified.

The present invention will be described 1n detail below
with reference to the drawings. As shown in FIG. 1, a small
s1x-dimensional force and torque sensor of this embodiment
includes cylindrical housing 1, base 2 disposed on the inner
wall of the cylindrical housing 1, eight first elastic beams 4
of the same size and structure for connecting four bases 2
respectively, central boss 3 disposed at the center of the
cylindrical housing 1, four second elastic beams 3 of the
same size and structure for connecting the central boss 3
with the first elastic beams 4, the four second elastic beams
5 are arranged 1n a cross shape, the eight first elastic beams
4 and the four second elastic beams 5 are respectively
attached with a plurality of strain gauges 7, thus forming tull
bridge circuaits.

In the small six-dimensional force and torque sensor of
this embodiment, when the central boss 3 1s subjected to
forces and torques, the base 2 and the central boss 3 are ngid
and do not deform, the eight first elastic beams 4 and four
second elastic beams 5 may all generate tension-compres-
sion deformation or bending deformation, thereby causing a
change in the voltage signal outputted by each full bridge
circuit. By analyzing and processing these signals, the force
or torque 1n each direction 1s convemently obtained. There-
fore, the present invention 1s simple 1n structure, small 1n
s1ze, can realize self-decoupling of the structure in six
directions, and 1s suitable to be used in combination with
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current industrnial systems. Moreover, the cylindrical hous-
ing 1, the base 2, the central boss 3, the first elastic beam 4
and the second elastic beam 5 are integral components and
no assembly 1s required, having the advantages of high
strength, high rigidity, high natural frequency, desirable
linearity, 1deal repeatability and perfect hysteresis. In addi-
tion, the measurement range of the sensor can be arbitrarily
changed by changing the dimensions of the first elastic beam
4 and the second elastic beam 5.

In this embodiment, the central boss 3 1s circular, and the
middle of the circular central boss 3 1s provided with M2.5
first threaded hole 31 and ®1.5 pin hole 32 for connecting
and fixation. The first threaded hole 31 and the pin hole 32
can be closely matched with the connecting tlange without
a gap, and can realize dynamic measurement (such as
reciprocating motion).

For ease of use, as a further improvement of the above
technical solution, four first threaded holes 31 and two pin
holes 32 are provided. The four first threaded holes 31 are
distributed 1n a rectangular shape on the central boss 3, and
the two pin holes 32 are respectively disposed on two sides
of the four first threaded holes 31 distributed 1n a rectangular
shape.

In this embodiment, each of four bases 2 i1s provided with
a second threaded hole 6 for mounting a protective cover.

In order to improve the performance of the elastomer, as
a further improvement of the above technical solution, the
top of the second elastic beam 5 1s higher than the top of the
first elastic beam 4, and the bottom of the second elastic
beam 5 1s lower than the bottom of the first elastic beam 4.

In order to improve the performance of the elastomer, as
a further improvement of the above technical solution, each
of the second elastic beams 3 1s vertically disposed on two
first elastic beams 4 connected thereto, and the height of the
first elastic beam 4 1s 13 of the height of the second elastic
beam 5.

Specifically, the upper surface and the lower surface of the
first elastic beam 4 are the first patch areas for attaching the
strain gauges 7.

In this embodiment, the center of the second elastic beam
5 1s provided with an groove 51 along the height direction
of the second elastic beam 5, and the groove 51 1s configured
to 1ncrease the strain of a second patch area.

In this embodiment, the groove 51 1s provided with a
rectangular groove as needed, and 1n general, the groove 51
has a Chinese character “+” type structure.

Specifically, one end of the second elastic beam 5 con-
necting with the first elastic beam 4 1s a second coordination
area, and the outer flank of the second elastic beam where
the groove 51 1s located 1s the second patch area for
attaching the strain gauges. Moreover, the second patch area
1s specifically located on an outer tlank of the segment with
narrow wall thickness formed by the second elastic beam 3
and the groove 51, and the second coordination area 1s used
to increase the strain of the first patch area and the strength
of the second elastic beam 5.

As shown 1 FIG. 2, the eight first elastic beams 4 are
respectively first elastic beam 401, first elastic beam 402,
first elastic beam 403, first elastic beam 404, first elastic
beam 405, first elastic beam 406, first elastic beam 407 and
first elastic beam 408; the four second elastic beams 5 are
respectively second elastic beam 3501, second elastic beam
502, second elastic beam 503 and second elastic beam 504.
The first elastic beam 401 and the first elastic beam 402 are
symmetrically disposed with respect to the second elastic
beam 501, the first elastic beam 403 and the first elastic
beam 404 are symmetrically disposed with respect to the
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second elastic beam 502, the first elastic beam 405 and the
first elastic beam 406 are symmetrically disposed with
respect to the second elastic beam 503, and the first elastic
beam 407 and the first elastic beam 408 are symmetrically
disposed with respect to the second elastic beam 504.

A plurality of the strain gauges 7 are respectively repre-
sented by Rn (n=1, 2, 3, 4, . . . ), then:

As shown 1 FIG. 2 and FIG. 3, R1 1s disposed at an end

of the upper surface of the first elastic beam 401 near the
base 2, R2 1s disposed at an end of the lower surface of the
first elastic beam 401 near the second elastic beam 501, R3
1s disposed at an end of the upper surface of the first elastic
beam 402 near the second elastic beam 501, R4 1s disposed
at an end of the lower surface of the first elastic beam 402
near the base 2, RS 1s disposed at an end of the upper surtace
of the first elastic beam 403 near the base 2, R6 1s disposed
at an end of the lower surface of the first elastic beam 404
near the base 2, R7 1s disposed at an end of the upper surface
of the first elastic beam 405 near the base 2, R8 1s disposed
at an end of the lower surface of the first elastic beam 4035
near the second elastic beam 503, R9 1s disposed at an end
of the upper surface of the first elastic beam 406 near the
second elastic beam 503, R10 1s disposed at an end of the
lower surtace of the first elastic beam 406 near the base 2,
R11 1s disposed at an end of the upper surface of the first

clastic beam 407 near the base 2, and R12 1s disposed at an
end of the lower surface of the first elastic beam 408 near the
base 2.

Moreover, R13 and R16 are symmetrically disposed with
respect to the center line of the second elastic beam 501. R14
and R15 are symmetrically disposed with respect to the
center line of the second elastic beam 501. R17 and R18 are
symmetrically disposed with respect to the center line of the
second elastic beam 502. R19 and R22 are symmetrically
disposed with respect to the center line of the second elastic
beam 503. R20 and R21 are symmetrically disposed with
respect to the center line of the second elastic beam 503. R23
and R24 are symmetrically disposed with respect to the
center line of the second elastic beam 504.

Finally, it should be noted that the above embodiments are
merely used to illustrate the techmical solutions of the
present mvention rather than limait it. Although the present
invention has been described in detail with reference to the
preferred embodiments, 1t should be understood by those of
ordinary skill in the art that the technical solutions of the
present invention can be modified or equivalently substi-
tuted without departing from the spirit and scope of the
technical solutions of the present invention, which should be
included within the scope of the claims of the present
invention.
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What 1s claimed 1s:

1. A six-dimensional force and torque sensor, comprising
a cylindrical housing, a base disposed on an inner wall of the
cylindrical housing, eight first elastic beams of a first same
s1ize and structure for connecting the base, a central boss
disposed at a center of the cylindrical housing, four second
clastic beams of a second same size and structure for
connecting the central boss with the first elastic beams; the
four second elastic beams are arranged 1n a cross shape, the
eight first elastic beams and the four second elastic beams
are respectively attached with a plurality of strain gauges to
form full bridge circuits, a center of each of the second
clastic beams 1s provided with an interconnected groove
along the second elastic beams height direction.

2. The six-dimensional force and torque sensor according,
to claim 1, wherein the central boss 1s a circular central boss,
and a center of the circular central boss 1s provided with a
M2.5 first threaded hole and a ®1.5 pin hole for connecting
and fixation.

3. The six-dimensional force and torque sensor according,
to claim 2, wherein four first threaded holes and two pin
holes are provided; the four first threaded hole are distrib-
uted 1n a rectangular shape on the central boss, and the two
pin holes are respectively disposed on two sides of the four
first threaded holes distributed 1n a rectangular shape.

4. The six-dimensional force and torque sensor according
to claim 1, wherein a top of each of the second elastic beams
1s higher than a top of each of the first elastic beams, and a
bottom of each of the second elastic beams 1s lower than a
bottom of each of the first elastic beams.

5. The six-dimensional force and torque sensor according,
to claim 4, wherein each of the second elastic beams 1s
vertically disposed on two first elastic beams connected
thereto.

6. The six-dimensional force and torque sensor according
to claim 1, wherein each of the second elastic beams 1s
vertically disposed on two first elastic beams connected
thereto.

7. The six-dimensional force and torque sensor according,
to claim 1, wherein an upper surface and a lower surface of
cach of the first elastic beams are first patch areas for
attaching the strain gauges.

8. The six-dimensional force and torque sensor according,
to claim 7, wherein one end of each of the second elastic
beams connecting with each of the first elastic beams 1s a
coordination area, an outer flank of each of the second
clastic beams 1s a second patch area for attaching the strain
gauges, and the interconnected groove 1s located on each of
the second elastic beams, the coordination area 1s used to
increase a strain of the first patch area and a strength of each
of the second elastic beams.
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